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SUMMAUV 

Extrathermodynamie .structure-activity correlations have been formulated lor various sets 
of congeners causing hemolysis. The similarity of these equations to those correlating bac- 
terial action and narcosis is discussed. 



INTRODUCTION 

In extending our studies (1 -0) of the cor- 
relation of chemical structure with biological 
activity of organic compounds, it seemed 
that an analysis of the studies on hemolysis 
would yield interesting comparative results. 
The erythrocyte has often been used as a 
model system for the study of cellular proc- 
esses. Our interest is, in particular, centered 
on the action of simple organic compounds 
on the rupture of the red cell and comparison 
of this process with the toxicity of such com- 
pounds toward bacteria. It Is also of interest 
to compare action on erythrocytes with the 
binding of organic compounds to proteins in 
order to obtain a better understanding of the 
dynamics of the processes. 

In correlating the effects of a set of con- 
geners on a given biological system with 
chemical structure we have, as a first ap- 
proximation, divided chemical properties 
into three classes; electronic, stcric, and 
hydrophobic. In order to deal with large 
numbers of different systems, it is necessary 
to express the above qualitative properties in 
numerical form. This we have done by em- 
ploying Ilammett siyma constants or pK„ 
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values to account for variation in electronic 
properties of a set of congeners, Taft's E« 
constants to describe steric effects, and log P 
values to account for differences in hydro- 
phobicity, where P is the octanol/water 
partition coefficient. In the present report 
our concern is with the relative lipophilic 
character of organic compounds as defined 
by log I\ 

Extending the line of thinking started by 
Meyer and Overton, we have found that the 
biological action of many sets of compounds 
can be correlated with two types of equa- 
tions: 

RBR = log \ = a log I> + b (1) 



RBR = log y, = 



-</(log/>) 2 

+ e log P + f 



(2) 



In the above equations, C is the molar con- 
centration of drug causing a standard bio- 
logical response, RBR = relative biological 
response, and the constants a, b, d, e, and / 
are characteristic of a given system and are 
evaluated by the method of least squares. 

While Meyer and Overton and their suc- 
cessors looked for a linear relation between 
RBR and P, there is now abundant experi- 



338 



HA NSOH AND GLAVE 



mental evidence as well as theoretical 
support (1) for a parabolic relationship 
between log 1/0 and log />. One of the ad- 
vantages of casting experimental results in 
the form of Eq. 1 or 2 is of course the fact 
that large amounts of data can be stored very 
compactly. Most important is the fact that 
rapid and more or less quantitative compari- 
sons can be made by simple comparison of 
parameters. 

For this report we have searched the litera- 
ture for examples in which sets of organic 
compounds have been used to hemolyzc red 
cells and in which the data have been ex- 
pressed in quantitative, terms. From the ex- 
perimental data of Table 1, the equations in 
Tables 2 and 3 have been derived. 

MBTHOI) 

The biological data (7-23) and physico- 
chemical constants are given in Table 1. 
Partition coefficients were not measured for 
every molecule; those marked with an aster- 
isk were calculated by means of additivity 
principles (28). 

It has been found that each CH 2 in a 
homologous series increases log P by about 
0.5. Thus log P for butanol is calculated 
from log P for methanol; log / 5 „„. t hanoi + 
3(CH 2 ) = -0.66 + 1.50 = 0.S4. A branched 
chain near a functional group usually de- 
creases log P by 0.2. Hence log P-^ v ^\ - 
log P pr0 p.noi - 0.2 = 0.14. The calculated 
values for the alcohols in Table 1.4 , C\ D y d, 
and BB were made in this fashion. 

The carbamates of Table IB were similarly 
based on log P for ethyl carbamate, while 
log P for the amides was based on butyr- 
amide. The values for the esters in Table \C 
were based on propyl formate and ethyl 
acetate. 

In Table \E and F } values for the substi- 
tuenta are from the benzene system (28). 
Log P for naphthalene and benzene was used 
as the basis for these sets. For example, 

Log 7 J l,2,4-tri<:hloro1>«nj:ene = log F 0 -d ich 1 1> rob em one 

+ 7r<n = 3.38 + 0.71 - 4.09 
7T* = log Px - log Pn 

Thus 7T C t as used above is calculated as tt c i = 
log Pcmi - log /J c fiH « = 2.84 - 2.13 - 



0.71. The data in Table \E and F are not 
directly comparable to those in the other 
parts of Table 1. In Table \E, saponin was 
used as the lysin and the compounds were 
tested for their ability to accelerate hemol- 
ysis. Table \F, taurocholate was used as the 
lysin. 

In Table 1//, the calculated partition co- 
efficients were based on the experimental 
value of —0.17 found for monobutyrin. The 
heptyl derivative was calculated as follows: 
-0.17 + 2.00 = 1.83. 

In Table 1/ and J, log P for />-chlorocresol 
was calculated by adding 0.50 to />-chloro- 
phcnol. Log P for p-chlorophenylethyl 
alcohol was calculated by adding w 0 i from 
the benzyl alcohol system (28) to log P of 
phenylethyl alcohol: 0.80 + L3B = 2.22. 

Ail the data in Table \ K are from the work 
of Rogers (14). The log P values for ionic 
compounds such as the iV-tilkylpyritlinium 
halides of Table \L present a special prob- 
lem. In the aqueous phase these molecules 
are completely ionized, while in the organic 
phase they must be in the form of the ion 
pairs. Since the partition coefficient, in the 
proper sense of the word, refers to the parti- 
tioning of a single species, we cannot, call 
these "true" partition coefficients. However, 
the apparent partition coefficients of (pre- 
sumably) the ion pair do constitute a useful 
reference scale of relative lipophilicity. The 
values of Table IL are based on the experi- 
mental value of -0.95 for octylpyridinium 
bromide. 

In Table lil/, the calculated partition co- 
efficients were based on the experimental 
value of 1.77 found for JV-dccylpiperidinc 
hydrochloride. The partition coefficient for 
this compound was measured in 0.01 m HC1. 
Log P values of amine hydrochlorides were 
found to vary linearly with the hydrochloric 
acid concentration; however, values extra- 
polated 1o infinite dilution were essentially 
those obtained with 0.01 m HG1 The ana- 
lytical technique used was that of Mukerjec 
and Mukerjec (29). The assumption is that it 
is primarily the protonated form of these 
derivatives which is responsible for hemol- 
ysis. 

In Table IN, the molecule for the base is 
the decyl derivative. In Table 10, P, and Q, 
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in iter irat ion of equations 


in Table 2 
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Asterisks indicate calculated values. 










.•1. Compound 


Log P 


Observed 
log I/O 


Calculated 

log 1/C 
from Eq. 8 


| A log 1/C | 


lOl- 












the 


Methyl alcohol 
Ethyl alcohol 


— 0.66 
—0.16* 


—0.46 
-0.23 


-0.55 
-0.13 


0.09 
0.10 


co- 
tal 
Tie 


Propyl alcohol 


0.34 


0.21 


0.29 


0.08 


Tsopropyl alcohol 
Butyl alcohol 


0.14* 
0.84* 


0.21 
0.60 


0.12 
0.71 


0.09 
0,11 


Jsobutyl alcohol 


0.G4* 


0.60 


0.54 


0.06 


-vs; 


Pentyl alcohol 


1.34* 


1.27 


1.13 


0.14 


SOI 

ro- 
ivl 


tferi -Pentyl alcohol 


0.89 


0.68 


0.75 


0.07 


B. Compound 


Log/> 


(J b served 
)oe 1/C* 


Calculated 

log 1/C 
from Eq. 9 


1 A log 1/C | 


:>m 


Methyl carbamate 


-0.65* 


-0.30 


. -0.36 


0.03 


of 


Ethyl carbamate 


-0.15 


-0.02 


-0.05 


0.03 




Propyl carbamate 


0.35* 


0.45 


0.26 


0.19 


)rk 


Formamide 


-1.71* 


-0.89 


-1 .02 


0.13 


tiic 


Acctamide 


-1.21* 


-0.68 


-0,71 


0.03 




Propionarnide 


-0.71* 


-0.62 


-0.40 


0.22 


>b- 


Butyramide 


n 01 
— U . l\ 


n oi 
— U . l\ 


a no 


0.13 


les 
uic 
on 


C. Compound 


Log/ 5 


Observed 


Calculated 

log 1/C 
from Eq. 7 


|Alog 1/C | 


;he 


Methyl alcohol 


— 0.66 


— 0.87 


—0.83 


0.04 


ii- 


Ethyl alcohol 


-0.16* 


— 0.51 


— 0.38 


0.13 




Propyl alcohol 


0.34 


— 0.03 


0.07 


0.10 




Butyl alcohol 


0.84* 


0.50 


0.52 


0.02 


re- 


Pentyl alcohol 


1.34* 


1.04 


0.97 


0.07 


tui 


Heptj 7 ! alcohol 


2.34* 


1.92 


1 .87 


0.05 


he 


Octyl alcohol 


2.84* 


2.40 


2.32 


0.08 


Methyl formate 


-0.17* 


— 0.17 


— 0.39 


0.22 


H'i- 

mi 


Ethyl formate 


0.33* 


0. 15 


0.06 


0.09 


Propyl formate 


0.83 


0.64 


0.51 


0.13 




Methyl acetate 


0.18 


-0.06 


-0.08 


0.02 




:: Ethyl acetate 


0.73 


0.33 


0.42 


0.09 


tnl i: |l j ' 


Propyl acetate 


1.23* 


0.80 


0.87 


0.07 




Butyl acetate 


1.73* 


1.33 


1.32 


0.01 




Methyl propionate 


0.71* 


0.47 


0.40 


0.07 


?\. rf; 


:;: Ethyl propionate 


1.21 


0.77 


0.85 


0.08 




i Propyl propionate 


1.71* 


1.22 


1.30 


0.08 


ric *V:'' 


Methyl butyrate 


1.23* 


0.85 


0.87 


0.02 


Ethyl butyrate 


1 .73* 


1.22 


1.32 


0.10 


|]y j;f| 

lit- ; : ' : -:!0' : : 

' l -th 


D. Compound 


LogP 


Observed 


Calculated 

log 1/C 
from Eq. 6 


t A log l/C [ 


,\ Methyl alcohol 


-0.66 


-0.87 


-0.93 


0.06 




?" Ethyl alcohol 


-0,16* 


-0.51 


-0.45 


0.06 




: Propyl alcohol 


0.34 


-0.03 


0.02 


0.05 


d1- If;' 


: Butyl alcohol 


0.84* 


0.50 


0.50 


0.00 




Pentyl alcohol 


1.34* 


1.04 


0.98 


0.06 




;\ Hcptyl alcohol 


2.34* 


1.92 


1.93 


0.01 
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I Calculated . k , * 

,,. Compel Log P fei r«£ ' */C| ~ 



Benzene 


2. 13 


— 1 . 60 


— 1 .01 


0.01 


Chi orohenzene 


2.84 


— () . /4 


— 0. * 1 


0.04 


Bromohcnzenc 


2. 'JO 


— 0 . 70 


i\ CIA 

— 0. 54 


0. 16 


lodobeiizene 


3 . 25 




— U. zo 


i\ iY7 


1 ,2-1 Mchlorobenzene 


3.38 


— 0. 11 


— 0.16 


0.05 


1 ,3-1 )ieh!on>b(!nzono 


3.38 


— 0. 16 


— 0. 16 


u.uu 


1 ,4-1 Mchlombcnzcnc 


3.30 


-0.10 


-0.15 


0.04 


1 ,4-1 Hbromobenxene 


3.85* 


0.34 


0.22 


0.12 


1 ,2,4-Triohlorobenzene 


4.01* 


0.18 


0.38 


0.20 


Naphthalene 


3.37 


0.08 


0.17 


0.25 


a-ChloMinaphth;tl«ne 


4.08* 


0.23 


0.37 


0.14 


/■?_ C ^ V» 1 #"i t*t ift *\ iilit hiLiPit f* 

(J V'lli'M (FIlillMI 1 llt*I*-Jlk- 


4.08* 


0 . 30 


0.37 


0.07 


✓v - T\ l*< HVIllllMllbt 11 J M PI 1 P 


4.23* 


0.40 


0.46 


0.06 


p—lJi I } I 1 1 1 1 1 1 il J J I J 1 IliUC-llt- 


4.23* 


0.48 


0.46 


0.02 


1 — 1 Mil Wll 1 1 VOMP 
J. f T. 1 / J 1 1 11.*' 1 l.fK. JlAl.lICT 


4.37* 


0.50 


0.53 


0.06 


rv - If I'll til >| |\V\ 1 h}l IPItP 


4.49* 


0.63 


0.50 


0.05 


/■f - b »rl i n i n tilt t b n 1 Pit P 


4.40* 


0.67 


0.50 


0.09 


Compound' 


hog P 


Observed 
lo" 1 — R/C 1 


Calculated 
log 1 - R/C 
from Kq. 4 


| A log 1 — 

R/C 


Benzene 


2.13 


- 1 ..58 


— 1 . 45 


0.13 


Chlorobetizeno 


2.84 


— 0. 74 


— 0.86 


0. 12 


Bromobenzene 


2 . 90 


— 0 . 70 


—0.73 


0.03 


Iodobenzene 


3 . 25 


—0.55 


—0.51 


0.04 


1 , 2-I')i{ i hb>robciizcnc 


3.38 


—0.22 


—0.41 


0.19 


1 , 3-1 >iehl orohenzene 


3.38 


— 0.52 


— 0.41 


0.11 


1 , 4-I.)i chloroben /ene 


3 . 30 


-0.60 


-0.40 


0.20 


1 j 4-1 )ibn imoheiizene 


3.85* 


-0.10 


-0.01 


0.09 


1,2,4-Trichlorobenzene 


4.01* 


-0.16 


0.10 


0.35 


Naphthalene 


3.37 


0.00 


-0.41 


0.41 


of-Chloronapht halene 


4.08* 


0.11 


0.18 


0.07 


/3-l"^b 1 MmnAiibt li m 1 Pti *-* 


4.08* 


0.20 


0.18 


0.02 


m -lil'HTIK \\\ H till t \ \ M 1 Pf IP 


4.23* 


0.32 


0.31 


0.01 


/"i-T\r( 11114 111 '1 I ill t bfLlPUP 


4.23* 


0.40 


0.31 


0.09 


1 4-1 )i i < if ?nbp m v p i ip 


4.37* 


0.50 


0.42 


0.08 


* v - 1 • if 1 1 1 ii )i li li t riHif nP 

U 1 WVP 11 lil Ull 1 1 1 llfl 1 1 W 


4.40* 


0.50 


0.52 


0.02 


0-Indounpht halene 


4.40* 


0.58 


0.52 


0.06 


C. Compound 


Log P 


Observed 
log 1 - R/O 


Calculated 
log 1 - R/C 
from Kq. 3 


| A log 1 - 

R/C I 


Butyl alcohol 


0.84* 


-2.85 


-2.78 


0.07 


Peutyl alcohol 


1.34* 


-2.21 


-2.25 


0.04 


Hexyl alcohol 


1.84* 


-1.60 


-1.72 


0.12 


Heptyl alcohol 


2.34* 


-1 .12 


-1.10 


0.07 


Octyl alcohol 


2.84* 


-0.94 


-0.06 


0.28 


Nonyl alcohol 


3.34* 


-0.01 


-0.13 


0.12 
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CH 2 OH 

ff CHOH 0 

- • 1 ji 

CH2O — C — R 


Log p* 


Observed 
log 1/C fl 


. Calculated 
log 1/C from 
Eq. 26 


1 A loe 1/C 1 


&k ; 

11 ^ heptyl 


1.83* 


2.05 


2.97 


0.02 


R = octyl 


2.33* 


3.40 


3.44 


0.04 


: R = nonyl 


2.83* 


3.70 


3.72 


0.02 


r = decyl 


3.33* 


3.95 


3.82 


0.13 


r = undecyl 


3.83* 


3.82 


3.74 


0.08 


: : :, ]l = tridccyl 


4.83* 


2.80 


3.03 


0.23 


11 = pentadecyl 


5.83* 


1.70 


1.60 


0.10 


■ — 

/. Compound 


. . . 

LogP 


Observed 

lOg l/C 


Calculated 

log 1/C 
from Eq. 10 


| A log 1/C | 


:.: Phenol 


1.4C 


1.24 


1.22 


0.02 


Cresols (0, ■»», p) 


1.95* 


1.62 


1.61 


0.01 


m-Crcsol 


1.4)6 


1.54 


1.61 


0.07 


p-Chlorophenol 


2.30 


1.93 


1.95 


0.02 


p-Chloro-w-eresol 


2.89* 


2.37 


2 . 36 


0.01 


Benzyl alcohol 


1.10 


0.93 


0.94 


0.01 


Phenethyl alcohol 


1.36 


1.17 


1 .14 


0.03 


p-Chloro phenethyl alcohol 


2.22* 


1.85 


1.82 


0.03 


[ \ 7. Compound 


I-OB P 


Observed 
log l/C 


Calculated 

log 1/C 
from Eq. 11 


1 A log 1/C | 


Phenol 


1.46 


1.29 


1.32 


.... 

0.03 


Cresols (0, m, p) 


1.95'* 


1.66 


1 .70 


0.04 


w-Cresol 


1.96 


1.66 


1 .70 


0.04 


: p -Chi oro phenol 


2.39 


2.01 


2.03 


0.02 


p-ChlorO-m-CreSOl 


2.89* 


2.41 


2.44 


0.03 


:,; : v ; :. Benzyl alcohol 


1.10 


1.04 


1.05 


0.01 


: Phenethyl alcohol 


1.36 


1.28 


1.25 


0.03 


[/■ p-Chlorophenethyl alcohol 


2.22* 


2.04 


1.90 


0.14 


K. Compound 


Log Pi 


Observed 
log 1/C* 


Calculated 

log 1/C 
from Eq. 5 


\A log 1/C | 



:::i:|^.:i:j:i::-:Di phenyl amine 


3.22 


3.06 


3.06 


0.00 


: ; Thianaph t hene 


3.09 


3.06 


2.92 


0.14 


•>lsv: \ Naphthalene 


3.01 


3.00 


2.84 


0.16 


5-BromoindoIc 


3.00 


2.84 


2.82 


0.02 


- " i 1,2-Dimethyliiidole 


2.82 


2.69 


2.63 


0.06 


- '-^Wf i : Indene 


2.80 


2.69 


2.61 


0.08 


■ 5-Methylindole 


2.68 


2.17 


2.48 


0.31 


v^lIi|y : /?-Methylindole 


2.60 


2.17 


2.39 


0.22 




2.56 


2.17 


2.35 


0.18 


; j : 5-Cyanoindole 


2.37 


2.19 


2.14 


0.05 




2.25 


1.97 


2.01 


0.04 


J Toluene 


2.11 


1.93 


1.86 


0.07 




2.10 


1 .93 


1.85 


0.08 


Iflfi Quinoline 


2.06 


1.74 


1.81 


0.07 


4f$l 'ii Anisole 


2.04 


1.69 


1.78 


0.09 


|| Benzothiazole 


2.03 


1.91 


1.77 


0.14 


^"^iV^iidizolft 


1.82 


1.63 


1.54 


0.09 


: '|;:::;;|:;:;^: Benzoxazole 


1.59 


1.39 


1.30 


0.09 


.^^Iji^BeilZene 


1.56 


1.19 


1.26 


0.07 
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mm 



T .vit lk 1 - - Co tt t itt tied 



Log P l 



Observed 
log l/C™ 



Calculated 

log l/C 
from Kq. 21 



I A log l/C 



R 




nonyl 


-0.45* 


2.18 


2.00 


0.18 


R 




dcc\ 1 


0.05* 


2.55 


2.65 


0.10 


It 




undecyl 


0.55* 


3.02 


3.22 


0.20 


It 




dodecyl 


1.05* 


3.63 


3.00 


0.06 


R 




trideeyl 


1.55* 


4.10 


4.08 


o.os 


R 




tetradecyl 


2.05* 


4.40 


4.30 


0.10 


R 




hexadccyl 


3.05* 


4.82 


4.74 


0.08 


R 




heptadeeyl 


3.55* 


4.77 


4.78 


0.01 


R 




oetadecyl 


4.05* 


4.67 


4.74 


0.07 



M. 



I 

I - 
R 



HCI 



N. CH 3 -- + X- 
I 

R 



CH 3 cr 
i 

CH 2 — - 



Log P n 



Observed 
log l/C" 



Calculated 

log l/C 
from Eq. 23 



/ 



\ 
// 



R 
R 
R 
K 
R 
R 



octyl 

decyl 

dodecyl 

tetradecyl 

hexndecyl 

ootadcc vl 



Br" 

O. N(CH 3 ) 3 



K 



R 
R 

R 
R 
R 
R 



octyl 

deeyl 

dodecyl 

i et radecyl 

hcxndcryl 

octadccyl 



LogP 



Observed 
log \/C- 



Calculated 
log l/C 

from Kq. 24 



LogP 



Observed 
log l/C 



Calculated 

log l/C 
from Eq. 22 



I A log l/C | 



R 




heptyl 


0.27* 


1.61 


1.41 


0.20 


R 




octyl 


0.77* 


1.07 


2.07 


0.10 


R 




nonyl 


1.27* 


2.55 


2.65 


0.10 


R 




deeyl 


1.77 


3.02 


3.14 


0.12 


R 




undecyl 


2.27* 


3.40 


3.54 


0.14 


R 




dodecyl 


2.77* 


3.92 


3.85 


0.07 


R 




tridccyl 


3.27* 


4.18 


4.07 


0.11 


R 




i el radecyl 


3.77* 


4.38 


4.20 


0.18 


R 




pcjitadeeyl 


4.27* 


4.28 


4.24 


0.04 


R 




hcxadecyl 


4.77* 


4.12 


4.19 


0.07 


R 




heptadeeyl 


5.27* 


3.97 


4.05 


0.08 



I A log 1/C 



-1.08* 


1.76 


1.76 


0 


00 


-0.08* 


2.95 


2.94 


0 


01 


0.92* 


3.82 


3.82 


0 


00 


1.92* 


4.40 


4.43 


0 


03 


2.92* 


4.79 


4.67 


0 


12 


3.92* 


4.52 


4.58 


0 


06 



| A log l/C I 



-1.07 r 


1,08 


1.17 


0.09 


-0.10" 


2.72 


2.56 


0.16 


0.84* 


3.78 


3.75 


0.03 


1.84* 


4.40 


4.58 


0.18 


2.84* 


5.11 


5.04 


0.07 


3.84* 


5.15 


5.14 


0.01 
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Br" 



P. N(CH,\ 

■ ; 

1 

R 


Log P 


Observed 
log I/O 


Calculated 

log 1/C 
front Kc|. 17 


1 log 1/C | 


j{ = deeyl 
jl = dodecyl 
]> = tetradeeyl 

1> KaviwiA/ii'l 

1( — IiPa«KIVI \ i 


-0.10' 
0.84* 
1.84* 


2.08 
3.81 
5 . 55 
6 . 00 


2.70 
3.02 
5.10 
0 , 2(5 


0.08 
0.11 
0.45 
0. 20 


Q. N(CH :t ):. 
R 




Observed 
log 1/C* 


Calculated 

log 1/C 
from Kq. 16 


| A log 1/C* | 


^ R = deeyl 

R = dodecyl 
R = tetradeeyl 
R = he xa deeyl 


-0.16" 
0.84* 
1.84* 
2.84* 


2.73 
3.73 
4.34 
5.10 


2.82 
3.50 
4.36 
5.13 


0.00 
0.14 
0.02 
0.03 


CI- R 

R. + 1 
v; (CHi)j — N — R' 


Log P 


Observed 
log 1/C* 


Calculated 

log 1/C 
from Kq. 25 


1 A log l/C | 



R 




deeyl, 11' = benzyl 


-0.08* 


3.11 


3.15 


0.04 


R 




deeyl, R' = 2-chlorobenzyl 


0.63* 


3.47 


3.00 


0.13 


R 




deeyl, R' = 4-chlorobenzyl 


0.63* 


3.70 


3.60 


0.10 


R 




deeyl, R' = 2,4-dichlorobenzyl 


1.34* 


3.85 


3.97 


0.12 


R 




dodecyl, It' — benzyl 


0.02* 


4.04 


3.90 


0.14 


n 




dodecyl. R' = 2,4-dichlorobenzyl 


2.34* 


4.43 


4.43 


0.00 


R 




tetradeeyl, R' = benzyl 


1.92* 


4.52 


4.31 


0.21 


R 




tetradeeyl, R' = 2,4-dichlorobetizyl 


3.34* 


4.39 


4.62 


0.23 


R 




he xa deeyl, R' = benzyl 


2.92* 


4.54 


4.56 


0.02 


R 




hexadecyl, It' = 2-chlorobenzyl 


3.63* 


4.(56 


4.64 


0.02 


R 




oe.tadeeyl, W = benzyl 


3.92* 


4.62 


4.66 


0.04 


U 




oetadeeyl, R' = 2-chlorobenzyl 


4.63* 


4.74 


4.63 


0.11 



S. R — Nil* -HO 



Log P* 



Observed 
log 1/C" 



Calculated 
log 1/C 
from Kq. 13 



I ^ log 1/C 



R = 


butyl 


-2.15* 


-0.12 


-0.42 


0.30 


R = 


hexyl 


-1.15* 


0.32 


0.53 


0.21 


R = 


octyl 


-0.15* 


1.12 


1,48 


0.36 


R = 


deeyl 


0.85* 


2.57 


2.44 


0.13 


R = 


do deeyl 


1.85 


3.52 


3.39 


0,13 



T. 



R 



Log P l 



Observed 
log 1/C" 



Calculated 
log 1/C m 
from Eq. 15 



I A log 1/C I 



R 


— buiyl 


-2.95* 


0.03 


-0.24 


0.27 


R 


= hexyl 


-1.95* 


0.33 


0.64 


0.31 


R 


= oetyl 


-0.95 


1 .42 


1.51 


0.09 


R 


= deeyl 


0.05* 


2.40 


2.39 


0.01 


R 


= dodecyl 


1.05* 


3.39 


3.27 


0.12 
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f. KOSOsXa 


-Log /> 


Observed 
log I/O 


Calculated 

log 1/C 
from Eq. 27 


lAlog l/C| 


R = ocytl 
K = decyl 
\\ = dodecyi 
R = tetradecyl 
R = hcxadecyl 
R = octadecyl 


-0.40* 
0.60* 
1 .60 
2.60* 
3.60* 
4.60* 


1.70 
2.95 
4.00 
4.44 
4.44 
4.60 


1.80 
3.00 
3.87 
4.41 
4.62 
4.51 


0.01 
0.05 
0.13 
0.03 
0.18 
0.09 


V. KOSOsNa 


Log P 


Observed 
log I/O 


Calculated 

log 1/C 
from Eq. 14 


Ulog 1/C 1 


R = octyl 
R = decyl 
R = dodecyi 
R = tetradecyl 


—0.40* 
0.60* 
1.60 
2.60* 


1.44 
2.54 
3.79 
4.60 


1 .48 
2.56 
3.63 
4.70 


0.04 
0.02 
0.16 
0.10 


\V. RCOOH 


Logi> 


Observed 
log I/O 


Calculated 

log 1/C 
from Eq. 12 


1 A log 1/C | 


R = butanoic 

R = 2-methy I propanoic 

R — 3-inethylbulanoic 

R — pentanoic 

R = 4-rnethylpentanoic 

R = hexanoic 

R = heptanoic 

R = octanoic 

R = nonaiioic 


0.88 

0.68* 

1.18* 

1.38* 

1.68* 

1 &K 

x . OO 

2.38* 
2.88* 
3.38* 


1.41 
1.40 
1.69 
1.79 
2.00 
2.04 
2.66 
4.31 
4.58 


1.26 
1.00 
1.64 
1.89 
2.26 
2.52 
3.14 
3.77 
4.40 


0.15 
0.40 
0.05 
0.10 
0.26 
0.48 
0.48 
0.54 
0.18 


Br 
X. \ 

R—CH— CO0-K + 


Log P* 


Observed 
log I/O 


Calculated 

log 1/C 
from Eq. 19 


Ulog 1/C 1 


R = hexyl 
R = octyl 
R = decyl 
R = dodecyi 
R = tetradecyl 
R = hexadccyl 
R = octadecyl 
R = eicosyl 


-0.68* 
0.32* 
1.32* 
2.32* 
3 32* 
4.32* 
5.32* 
6.32* 


2.20 
2.50 
3.41 
3.71 
4.32 
4.32 
2.80 
2.80 


1.92 
2.85 
3.51 
3.89 
4^00 
3.83 
3.39 
2.67 


0.28 
0.35 
0.10 
0.18 
0.32 
0.49 
0.59 
0.13 


r. RCOOH 


Log/* 


Observed 
log I/O- 


Calculated 

log 1/C 
from Eq. 18 


Uiog i/c | 


R = octanoic 
R = nonanoic 
R = decanoic 
R = undecanoic 
r = dodecanoic 
R = tetradccanoic 
R = hexadccanoic 
R = octadccanoic 


-1.20* 
-0.70* 
-0.20* 
0.30* 
0.80* 
1.80* 
2.80* 
3.80* 


1.46 
1.72 
2.36 
2.67 
3.22 
3.93 
3.51 
3.30 


1.26 
1 .88 
2.41 
2.85 
3.20 
3.61 
3.64 
3.31 


0.20 
0.16 
0.05 
0.18 
0.02 
0.32 
0.13 
0.01 
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Z. Inhibition of 5. aureus by quaternary compounds 
















• — • CK 


Lor /* 


Observed 


Calculated 

h>- 1/C 
from Kq. 28 


A log 1, 


A = 11 » k — * v,i nil 


— 0.08'* 


2.79 


. . — 

2.88 


■ ~ 

0.09 


»- 11 1 > c ■* T I 

\ = H , U = I ✓ i -j 1 1 a i 


0.92* 


3.74 


3.62 


0.12 




1 . 02* 


4. 17 


4.02 


0.15 


V' T | 1 > f"» 11 

A = Jl, If = CielUi 


2.5)2* 


3 . 92 


4.0(5 


0.14 


X = I I . H = 1 '1*11 3 7 


3.1)2* 


3 . 34 


3 . 76 


0.42 


V* O /"'I I > 1 J 


— 0.49* 


2 . 02 


2.48 


0.46 


X =* 2-C I, li = OittHii 


0.51* 


3.41 


3.30 


0.05 


X = 2-CI, Iv = C. all sr. 


1 .51* 


4. 14 


3.90 


0.24 


X = 2-CI, It = v ^ 1 4 1 1 -j !■ 


2.51* 


4. 14 


4.08 


0.06 


X = 2-Cl. K = Ciollin 


3.51* 


3.74 


3.93 


0.19 


X = 2-CI, li .= C 18 H;t7 


4.51* 


3.43 


3.42 


0.01 


X = 4-Cl, li = C s [[ t 7 


— U . 38* 


2.60 


2.60 


0.00 


X = 4-Cl, Ii = Cioll'i 


0.62* 


3.00 


3.44 


0.16 


X = 4-C l. 1% — CisIT - k 


1 .02* 


4.04 


3.93 


0.11 


X = 4-C.l, li = Oiiilin 


2.(V2* 


4.34 


4.08 


0.26 


X = 4-Cl, li = CiftH;j;< 




3.85 


3.89 


0.04 


X — 4-01, li = On,!!;; 


4.02* 


3.17 


3.35 


0.18 


X = 4-NOi, 1? = C*Hi; 


-0.84* 


2. 11 


2.09 


0.02 


X = 4-NO;. li = CinHi) 


0.1G* 


3.11 


3.09 


0.02 


X = 4-M) 2 , li — Cn\l> b 


1 , 10* 


4 . 20 


3.75 


0.45 


X = 4-Mlj, li = CnHj'j 


2.10* 


4.23 


4.06 


0.17 


X — 4-X(>2, \\ = CicMas 


3 . 10* 


4.00 


4.02 


0.02 


X = 4-lN(>a, li = Cl s H.i7 


4.16* 


3 . 46 


3.64 


0.18 


X = 2,4-Cl., H = CJJ17 


0.21* 


2.63 


3.13 


0.50 


X = 2, 4-Cl... li = CiftHai 


1 .21* 


3.05 


3.77 


0.12 


X = 2,4-01:;, It = Cf 2 H ■:, 


2.21* 


4.25 . 


4.o:> 


0.19 


X = 2, 4-Cl.., 11 = CuH-ii 


3.21* 


4.28 


4.01 


0.27 


X = 2, 4-C.l 2, I{ = CiJUa 


4.21* 


3.41 


3.61 


0.29 


X — 2,4-Cl>, li = CisjITj.t 


5.21* 


3.30 


2.8> 


0.41 


X = rt,4-(lioxymet nylene F li = CJI17 


— 1 . 13* 


2.04 


1 . 71 


0.33 


X — rf^-diDxymethylene, It — CioIUj 


— 0. 13* 


3.08 


2.84 


0.24 


X = 3,4-dioxymetnyieiic, 11 = CrjH-a 


0.87* 


4.00 


3.59 


0.41 


a = <5,4.-dioxyiiiethyli;uc, 11 = IuHjj 


1 .87* 


4 . 23 


4.0;) 


0.23 


A = 6 ,4 -dioxy methylene , 11 — Cy| 6 H 3 ^ 


2.87* 


4.20 


4.07 


0.13 


X = 3 .4 -du»xy methylene, li = CisHa? 


3.87* 


3 . 23 


3.78 


0.55 


X = 3,4-dimcihoxy, R = Cvi 2 H-j 5 


1 .00* 


3.71 


3.67 


0.04 


X = 3 ,4-dimethoxy, U = Ct4H >ti 


2.00* 


4.11 


4.03 


0.08 


X = 3,4-dimetho\y, U = CicHsa 


* 3.00* 


3.41 


4.05 


0.6* 


V" *> ^ / ""I 1 » /"■» TT 


0.38* 


2.92 


3.27 


0.35 


A = 3,4-1 >\i, K = CmiH^i 


i .38* 


3.79 


3.85 


0.06 


X = 3,4-01,, )l = CiJIa.-, 


2.38* 


4.36 


4.08 


0.28 


X ^ 3,4-Clo, K = CuILiii 


3.38* 


4.04 


3.97 


0.07 


X = 3,4-Cl 2l li = C.JI,:, 


4.38* 


3.39 


3.51 


0.12 


X = 3,4-CJ s , li = C,sH:n 


5.38* 


3.11 


2.70 


0.41 


X = 2-{)H-5-N() 2 , 1? - c, 2 n, 5 


0.40* 


2.70 


3.35 


0.65 


C^nitted from correlation 










X = ;i,i-dimelhoxy, Ii = Ci.,H 3 i 


0.00* 


1.8S 


2.96 


1.08 


X = 2-OH-5-NO2, li « CuH 29 


1 .49* 


2.63 


3.89 


1.26 



'fft^Ttt'sWyZi*)^ >v:\-'r. A X': >> v *?^ 
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A A. Inhibition of S. aureus by sodium alkyl sulfates 



ROSO a -Xa + 



Log P 



Observed 
log 1/C M 



Calculated 

log \/C 
from TCq. 2° 



A log l/C'i 



It 




butyl 


-2.40* 


r 




penlyl 


-1.90* 


r 




hexyl 


-1.40* 


r 




heptyl 


-0.00* 


n 




oelyl 


-0.40* 


n 




noiiyl 


0.10* 


r 




decyl 


0.60* 


R 




dodecyl 


1.60 


R 




tetradeeyl 


2.60* 


R 




hexadecvl 


3.60* 



0.08 
0.36 
0.51 
0.04 
1 .27 
1.79 
2.25 
3.27 
3.88 
3.58 



0.02 
0.37 
0.72 
1.00 
1.41 
1.76 
2.11 
2.80 
3.40 
4.10 



0.06 
0.01 
0.21 
0.12 
0.14 
0.03 
0.14 
0.47 
0.30 
0.61 



BB. Inhibition of resting potential of lobster axon 


Compound 


Log P 


Observed 
log 1/<? W 


Calculated 

log \/C 
from Eq. 30 


1 A log t/C | 


Methanol 


-0.66 


-0.60 


-0.67 


0.07 


Kt hanol 


-0.16* 


-0.26 


-0.24 


0.02 


Propanol 


0.34 


0.09 


0.19 


0.10 


Butano! 


0.84* 


0.62 


0.63 


0.01 


Fontanel 


1.34* 


1.12 


1.06 


0.06 



a From Wirgin (J) . 

b From Fuhncr and Neubauer (8). 

c From Vernon (9) . 

d From Ponder (10). 

* From Ponder and flyman (11). 

* Moiiobutyrin measured, log P = -0:17; W. 11. Glave, unpublished observations. 
» From Breusch and Hersek (12). 

h From Ansel and Cadwallader (13). 
*' Average value for meta and para isomers. 
' Log P values taken from Rogers (14). 
k From Rogers (14). 

* Octylpyridinmm bromide measured, log P = -0.95; D. Soderberg, unpublished observations. 
m From Breusch and Hersek (15). 

n A r -Decylpiperidine hydrochloride measured, log P = 1.77; W. P. Glave, unpublished observations. 

0 From Ross and Silverstein (16). 

" D. Sodcrberg, unpublished observations. 

« From Hooghwinkel, Dcllooij, and Dankmeijer (17). 

r From Fldefrawi and O'Brien (24). 

* From Cadwallader and Ansel (18) . 

' Dodecylamine hydrochloride measured, log P = 1.85; W. P. Glave, unpublished observations. 
u From Kondu and Tomizawa (19). 
v From R ideal and Taylor (20). 
w From Bodansky (21). 

* ff-Bromopropanoie acid log /* for carboxylate anion = - 3.18; for each additional CH . unil, add 0.50. 
y From Kggerth (22). 

* Ilexanoic acid log P for carboxylate anion = —2.20; for each additional CH 2 unit, add 0.50. 
«u From Breusch and Bodur (23). 

bb From Ross, Kwartlcr, and Bailey (25). 
" From Cowles (26). 
^From Houck (27). 
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the experimental values of the octyl and 
_ decyl derivatives were available from the 

~ work of Eldefrawi and O'Brien (24). In Table 

I IR, *ci from the benzene system (2S) was 

added to the log P calculated from the basic 

— structure: 

CIT, 
I 

C 6 H 5 CH 2 N + (CH 2 ) y CITm 
I 

In Table 1*S, log P values are based on the 
% experimental value of 1.S5 found for ciodecyl- 
amiue hydrochloride in 0.01 m HC1. The 

— technique used was the same as for the com- 
pounds of Table 13/. 

~~ In Table IT, it is assumed that the iodide 

| does not have a significantly different log P 

^ : r from the corresponding bromide. This is 

~~ based on two experimental facts. The differ- 

ence of log P for hcxadccylpyridinium bro- 
mide is 0.10. It is assumed that the differ- 
ence between bromide and iodide would not 
be much greater. The difference between 

_ . TTBr and 7ri in RX is 0.4. A difference of this 

size is not serious for our present purpose. 

The values in Table 1U, V, and A A arc 
based on the experimental value for 
CH a (CH a ) u OS0 8 -Na+ (1.60); as with the 
pyridinium compounds, we are assuming 
v that it is the ion pair which is partitioned. In 
determining log P for this compound we have 
employed the analytical technique of Uno 
etal. (30), 

%. In Table IW and Y, the calculated log P 
values refer to the un-ionized and ionized 
forms of the acid, respectively, and are based 
on butanoic and hexanoic acids. Log P values 
for Table IX were calculated as follows: 

lOg PcH 3 (CH 2 )4C0 2 - — log PcH 3 CCH2> 4 C0 2 H = 

^X; -2.20 - (1.90) = -4.10, the difference 
between ionized and un-ionized hexanoic 
acid. It is assumed that —4.10 would be a 
constant for all simple aliphatic acids. Log 

/^tt-bromopropanoie ncid un-ionized — 0.1)2, while 

;,y the ionized log P = -4.10 + 0.92 = -3.18. 
A* Where R = hexyl, log P ionized = 2.50 — 

f: 3.18 = -0.68. 

Table IZ contains a scries of substi- 
M ; tutcd benzyldimethylalkylammonium chlo- 
rides used for killing Staphylococcus aureus. 
The log P values of the ring-substituted 



molecules were calculated by adding the ir 
values for the substituents derived from the 
phenoxyacetic acid system and the phenyl- 
acetic acid system (28) to the parent benzyl- 
dimethylalkylammoiiium chloride. The w 
value for 3,4-dioxymethyienc was calculated 
as follows: 

*rOH 2 0 2 = log -Pa.-l-diuxyuu-thylene benzyl nlmhol 
— lOg Phcuzyl alcohol 

= 1.05 - 1.10 = -0.0") 

KESULTS AND DISCUSSION 

Turning first to the slopes of the linear 
equations of Table 2, we find a surprisingly 
constant value of mean and standard devia- 
tion of 0.93 ± 0.17 for 15 different examples. 
The constancy of slope is most interesting in 
view of the fact that such a variety of differ- 
ent red cells and organic compounds have 
been employed and that the studies were 
carried out in many different laboratories 
utilizing different definitions of hemolysis as 
well as different experimental conditions 
with respect to buffers, temperature control, 
and precision of analysis. Thus a given incre- 
ment in hydrophobicity, as defined by log P 
of the octanol/water reference system, re- 
sults in a corresponding constant increase in 
hemolytic ability of .the congener as defined 
by log 1/C. Whether the molecule is neutral 
like the alcohols or ionic like the pyridinium 
or sulfate ions has little influence on the 
slope. In this sense, hemolysis is a very non- 
specific process dependent simply on the 
amount of apolar material partitioning into 
the red cell membrane. Even Eqs. 3 and 4 
conform to the pattern. In this wo rk saponin 
and taurocholate, respectively, were used to~ 
cause he molysis. The effect of the organic 
moleciHesis-ttTat of expediting the process. It 
is of interest to compare these slopes w r ith 
other processes in which hydrophobic inter- 
actions appear to be the primary agents. 
Table 4 offers such comparisons. The process 
of hemolysis most closely resembles that of 
narcosis. Considering the standard deviation 
on the tw r o sets of slopes, one can say, as a 
first approximation from the point of view of 
hydrophobic effects, that the two processes 
appear to be identical. There is a slightly 
greater spread in the average slopes for 
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Tahle -I 



Biochemical proccfixc* cor relit fed by Jug P 



Log RBIt s 


log - = 


a log P + b 






System 


■ 

No. of 
exam- 
ples 


_. 

Slope: mean 
± S.D. 


— — 

Refer- 
ence 


Narcosis 


15 


1.0-1 db 0.13 


31 


Hemolysis 


15 


0.93 ± 0.17 




Toxicity to Gram- 


17 


0.73 ± 0.17 


2 


positive bacteria 








Toxicity to Gram- 


8 


0.05 db 0.25 


2 


negat ivc bacteria 









toxicity with Gram-positive organisms and a 
still greater difference with Gram-negative 
organisms. The striking similarlity between 
the narcotic and hemolytic processes is also 
quite evident in the intercepts of the equa- 
tions of Table 2. Omitting Eqs. 12-17, in 
\ which the hemolytic agents are ionic in 
character, and omitting Eqs. 3 and 4 because 
of the quite different definition of activity, 
we are left with a set of seven equations with 
intercept of mean and standard deviation 
— 0.09 db 0.23. The mean intercept for six 
different, equations correlating (31) neutral 
molecules (alcohols, esters, ethers, ketones) 
in the narcosis of tadpoles is 0.76 db 0.16. 
The difference in intercepts is O.So; that is, 
for tadpoles narcosis requires a 7-fold lower 
concentration than does hemolysis. From 
the similarity of the equations it would seem 
that both processes involve perturbations of 
cell membranes by the neutral molecules. 
Unfortunately, most of the work reported for 
the toxic action of simple neutral compounds 
on bacteria has been in terms of phenol co- 
efficients rather than log 1/C. For t wo exam- 
ples of the action of alcohols and phenols on 
S. aureus, intercepts of 0.062 and 0.480, 
respectively, are found (31). This gives an 
average value of 0.27, which falls between 
those for narcosis and hemolysis; that is, a 
2-3-fold higher concentration is needed to 
inhibit the growth of S. aureus than to cause 
narcosis. 

The value of the intercepts in Eqs. 1 and 2 
will be determined by two factors: the sen- 
. sitivity of the system and the intrinsic ac- 
tivity of the set of congeneric drugs under 
consideration. The sensitivity of the system 



will be determined in part by the level of 
standard response. One finds a lower inter- 
cept for the same set of drugs in the same 
system when LDioo * s measured rather than 
LDao. As considered above, sensitivity varies 
with the type of cell under consideration. 
However, if one studies the effects of a 
variety of sets of drugs on a given system, 
the intercept is a convenient quantitative 
measure of the intrinsic stereoelectronie 
character of the common functional group in 
the set of congeners. Comparing intercepts 
from different equations means comparison 
on an isolipophilic basis; that is, activities 
are being compared when P = 1 or log P = 
0. It is assumed under these conditions that, 
since, hydrophobic contributions to activity 
are equal, differences in intercepts are due to 
the stereoelectronie character of the phar- 
macophore function which is common to the 
set of congeners (setting aside, of course, 
differences in intercepts due to experimental 
error; confidence intervals on the intercepts 
must not be overlooked). 

The intercepts of Eqs. 14-17 are particu- 
larly interesting. If we can assume that the 
octanol/water partition coefficient of ion 
pairs is comparable to that of neutral mole- 
cules, the ions are about 100-1000 times as 
active as neutral molecules in disrupting cell 
membranes. There are two examples in 
which anions were employed, one in Table 2 
arid one in Table 3 (Eqs. 14 and 27). The 
average for these two intercepts is 2.11. 
There are seven examples (Eqs. 15-17, 21, 
22, 24, and 2o) in which the intercepts are 
available for positive ions. Omitting I lie 
single case of the iodides (there is some un- 
certainty about their log P values; Eq. I o), 
for which the intercept is considerably lower, 
we find a mean value and standard deviation 
for the other six of 2.92 ± 0.21. For those 
interested in the quantitative description of 
structure-activity relationships, there are a 
number of satisfying aspects of the relatively 
small standard deviation associated with the 
mean value. 

Most reassuring is the fact that structures 
as different as 

/ X N + -ll, < V- CH 2 N + (CH,),R 
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l|:V: • and RN + (CH 3 ) 3 all yield essentially the same 
intercept. Assuming that this result is not 
IP!- fortuitious, it strongly supports the use of 
|f;U; Jog P as a suitable reference system for ion 
IllO^pairs as well as neutral molecules. The log P 
Iff ; v values for the pyridinium and benzylammo- 
:§;|; : - jjium compounds were measured in our 
W^h laboratory, while the alkyltrimethylammo- 
nium values are from O'Brien's laboratory 
{£■.:' (see Table 1). 

Using the above cxtrathcrmodynamic ap- 
; I'.: ; proach to structure-activity relationships, we 
y : can now classify the positively charged ni- 
f);: trogen atom as being roughly 10 times as 
i;= : ; effective as the negatively chained sulfate 
; : :V anion in the disorganization of cell mem- 
branes. It is no wonder that so many 
quaternary ammonium salts have been found 
to have a paralytic action on animal nervous 
systems. 

After consideration of the completely un- 
ionized and the completely ionized sets of 
^l" congeners, the partially ionized compounds 
can be discussed with more confidence. The 
iV-alkylpiperidinium chlorides of Eq. 23 
present an interesting example. While the 
f| ; following equilibrium is rather far to the 
||:; ; right, at pH 7.4 (N- methylpiperidine has a 
pK 0 of 10.1) which form of the amine is the 
mr- biologically active one is open to question: 
in 1): 

le2 -my /— x / R 

riie \ n — r + ho ^ <^ n+ + cr 

(i. :||;,;: : x *— * V-V H 

1 ' : ; Although the neutral form would be expected 
a ' from the above considerations to be intrinsi- 

;;|;;;;0;,i' : cally less active, and would be present in 
J .. very small amounts, its partition coefficient 
' / ;||;.; would be serveral powers of 10 higher than 
C 5 JIli L ^ e protonated form. If the protonated form 
^:!:; r;is about 1000 times as active as the neutral 
( f llllt .form, and if it is present in about 1000 times 
\ 4 :iff; : :V '* ; he concentration, one might expect the cor- 
' |:p| : : ; delation equation to resemble most closely 
** ^ "|||f: : i': :: that for completely charged ions, as indeed 
*' lfi : Jtf*1 ;it does. This is true in terms of the intercept 

;|||j : ;.:as well as log P 0 values. 
1V * ■ WM^r The carboxylate anions of Eqs. IS and 19 
MUl. present another case in which two species are 
III;.: present, either or both of which might be 
||||i;an active agent: COOH ^± COO" H+ The 
||||t;ion would be expected to be 100 times as 
i||;;;;; - active, and present in very large amounts 
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compared to the neutral molecule. Using log 
P values for the ion pair (RCOONa) gives an 
average intercept of 2.G for Eqs. 18 and 19, 
near that of the positive ammonium ion. 
Using log P for the neutral molecules gives 
intercepts of —8.33 and —4.14. Moreover, 
log Po values are more in line with other sets 
of congeners when log P for ion pairs is used. 
With log P for RCOOH, log P 0 values of 
7.31 and 6.48 are obtained. These are quite 
out of line with the other values of Tables 2 
and 3. 

In comparing the intercepts of Eqs. 18 and 
19 with that of Eq. 12, a great difference is 
apparent . The work on which Eq. 12 is based 
was done at a low pH, so that the acids were 
essentially un-ionized. For these molecules 
we have employed log P for the neutral 
species of RCOOH. The intercept for Eq. 12 
then fits in with the intercepts for the other 
equations based on neutral molecules. 

An important parameter in drug design is 
log P 0 , the ideal lipophilic character for a set 
of congeners acting in the same fashion on a 
given system. This constant is found by 
taking the derivative of Eq. 2 with respect to 
log P and setting this equal to zero to obtain 
the point of intersection of the tangent to the 
parabola relating log 1/C and log P. 

From Table 3, omitting Eq. 20, in which 
hemolysis is defined in quite different terms, 
nine values of log P ft can be calculated. The 
mean value and standard deviation for these 
are 3.50 zt 0.53. It is interesting to compare 
this value with results obtained by testing 
drugs in vitro on Gram-positive and Gram- 
negative cells. In that work (2) it was found 
that log P 0 for seven sets of Gram-negative 
bacteria had a mean and standard deviation 
of 4.37 ± 0.18. For parallel sets of Gram- 
positive bacteria the log P 0 was 5.87 dr 0.20. 
The value of log P 0 thus appears to be set by 
the system in which the drugs are tested. By 
S3 r stcm is meant not only the organism but 
also, in the case of work in vitro, the surround- 
ing medium. For the three types of cells 
mentioned above, log P 0 appears to decrease 
with increasing lipid content. The lipid con- 
tent of Gram-positive cell walls is quite low 
(about 2.5%) (32), while Gram-negative 
organisms have about 10 times this lipid con- 
tent (25 %) (33). The lipid content of the red 
blood cell is even higher (40-50%) (34-36). 
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However, as discussed below, further work 
on this problem is needed, since the value of 
log P (i is also a function of molecular struc- 
ture (37). 

Although our method of comparing hemol- 
ysis, narcosis, and the inhibition of bacteria 
may be open to question, the parallel struc- 
ture-activity relationships as defined by the 
extrathermodynamic approach are striking. 
It is our feeling that the growth inhibition of 
bacteria may be related to perturbations in 
the bacterial membranes. 

Very lipophilic molecules tend to be ran- 
domly bound when they hit the extracellular 
lipid on the surface of the cell wall or mem- 
brane. Although this process of escaping 
from noncritical lipid pools into critical lipo- 
philic sites appears to be important in deter- 
mining the value of log P<> , apparently it is 
not the only decisive factor. Thus the aver- 
age value mentioned above for log Pq for 
Gram-positive cells was found primarily for 
neutral molecules, of which there is only one 
example (Table 3, Eq. 2(5). While this agrees 
well with the other log P© values in Table 3, 
it may be an exception related in some way 
to the glyeeride structure. This is best ap- 
preciated by considering Eqs. 28 and 29. 

Benzyldimethylalkylammonium chlorides 
acting on S. aureus (Table IZ) : 

Log*, = -0.173(± 0.03) (log Pf 

+ 0.884 (± 0.14) logP 

+ 2.956 (± 0.14) (28) 

Log P 0 = 2.55(2.4- 2.7), 

a = 45, r = 0.S9S, s = 0.288 

ROSOsNa acting on S. aureus (Table 
1AA) : 



tions for hemolysis. For hemolysis by 
ROS0 3 Na, the average intercept is 2.1 ± 
0.2, compared with 1.7 =b 0.2. From the 
crude data at hand it is difficult to say how- 
much difference there is in the intercepts. It 
would appear from the single Eq. 29 that 
bacteria are slightly more resistant than ivd 
cells. The intercept of Eq. 28 of 2.9ti is quite 
close to the average value of 2.91 for hemol- 
ysis, showing great similarity in the two 
processes. The log P 0 value for Eq. 28 is 
lower than that found for hemolysis. More- 
over, it is not out of line with many other 
unpublished values now in our data bank of 
structure-activity equations. The fact that 
these values of log P Q in the range 2.5-3.0 
apply to Gram-negative and Gram-positive 
cells and arc much lower than log P 0 for 
neutral molecules acting on these systems 
indicates that log Pa is a function of both the 
system and the type of compound. Charged 
molecules in particular appear to differ from 
neutral compounds. For the latter, a rather 
large variation in structure appears (0) to 
have little influence on log /% . Further 
studies of the factors influencing log Po are in 
progress. 

A more precise way of comparing hemoly- 
sis and narcosis can be made using Eq. 30. 

ROH causing — 5-mV change in resting 
potential of lobster axon (Table IBB) : 



Log 1 - O.G94(± 0.13) log P 

+ 1.6S9(zfc 0.24), 
n = 10, r = 0.970, 5 = 0.325 



(29) 



( 30) 



Log * = 0.864(± 0.K>) log P 

- 0.099(± 0.13), 

n = 5, r = 0.995, s = 0.0S2 

While an enormous amount of work has been 
done on the effect of various drugs on nerve 
potential (38), that of Houck (27), embodied 
in Eq. 30, shows nicely to what degree the 
resting potential must be changed to com- 
pare with hemolysis of alcohols as correlated 
by Eq. 8, and of other narcotic effects as 
correlated (31) by Eqs. 31-34. 
ROH toxicity to red spider: 



The intercepts correlating minimum inhibi- 
tor}- concentration in Eqs. 28 arid 29 are re- 
markably close to the corresponding equa- 



Log » = 0.(59 log P + 0.10, 

». = 14, r = 0.979, s = 0.087 



(31) 
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ROH /so for lung oxygen consumption: 

(32) 



Uygtf = 0.90 log /' + 0.U5, 



Tahle 5 
Relative pharntarophoric scale 



n = 7, r = 0.995, * = 0.10K 
ROH 7 5 o for Paramecium mobility: 

Log ^ = 0.9() log P + 0.33, 

/* = S, v = 0.99S, 5 = 0.0S0 



(33) 



Narcosis of frog heart by miscellaneous 
neutral compounds; 



!<<>g^ = 0.93 log P + 0.11, 

ti = 2S, r = 0.97"), 6' = 0.1 «S2 



(34) 



3D 



The slopes and intercepts of Eqs. 31-34 are 
indeed close to those of Eqs. 30 and 0-10. 

In summarizing the above work, we can 
compare the intrinsic membrane-perturbing 
character of different chemical functions on 
an isolipophilic basis. The average intercepts, 
from the equations on hemolysis summarized 
in Table 5, constitute a tentative reference 
scale. Consideration of this scale with respect 
to drug design is worthwhile. It is of course 
well known that functions such as R4N+, 
R 3 NH+ R 2 NH 2 + , and R— NH 3 + have pro- 
found effects on the nervous systems of the 
higher organisms. Our results support the 
view that this is to be attributed to nerve 
membrane perturbation. If this is so, why do 
not anions such as RCOO~ and ROS0 3 ~ find 
use as muscle relaxants, analgesics, etc.? The 
answer appears to be that anions are strongly 
bound by serum protein while cations are 
not. Thus serum protein serves as a buffer to 
protect membranes from lipophilic anions. 

In an excellent review Seeman (39) dis- 
cusses the effects of many drugs on mem- 
branes. In general, most organic compounds 
appear to stabilize membranes at low con- 
centrations, but at higher concentrations 
they cause disruption of the membrane. 
Seeman summarizes evidence suggesting that 
it is the protonated form of analgesics and 
tranquilizers which is biologically active. If 
indeed these compounds bring about their 
action through membrane perturbation, as 



Function 



R 4 N+ 

ncoa- 
Rosor 

H,NH+ RNH 3 + 

NctUral functions such hk ROH, 
RCOOH, I? COOK, RCOK, ROR 



Relative 
membrane- 
perturbing 
ability on 
logarithmic 
scale 



2.') 
2.8 
2.1 
1.3 
0.0 



the evidence suggests, this is in line with the 
results summarized in Table 5. Both neutral 
and ionic molecules appear to perturb the 
red cell membrane in the same way (i.e., they 
have the same coefficient with log P); how- 
ever, the much greater intercept with the 
positive ions indicates that these molecules 
are strongly attracted to electron-rich sites in 
the membrane. This in itself no doubt per- 
turbs the membrane, but in addition each 
increment of lipophilic character added to 
the charge causes further perturbation up to 
the point of log P 0 . Our work supports the 
idea that the protonated amine is the more 
active form. If the extensive studies of 
Seeman et dl. (40, 41) with erythrocyte mem- 
branes can be used as a general model for the 
influence of drugs on membranes, as our 
results seem to indicate, then the application 
of extrathermod3 r namic correlations (1) to 
hemolysis and stabilization against hemo- 
lysis (39) should provide greater insight into 
the molecular features of drugs which stabi- 
lize and/or destabilize membranes. 

The above extrathermodynamic relation- 
ships correlating hemolysis, narcosis, and 
antibacterial action serve to illustrate the 
advantages of using partition coefficients 
from the octanol/water sy r stem as a common 
language for comparing quite different sets 
of congeners acting on quite different sys- 
tems. Not only are the data stored in com- 
pact, machine-retrievable form, but the set 
of equations also serves to predict hemolytic, 
narcotic, and antibacterial action for an 
enormous number of drugs not yet tested. 
Since partition coefficients can themselves be 
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calculated (28, 31), the activities of mole- 
cules not yet synthesized can be predicted 
within the limits set by the above experi- 
mental systems. It is hoped that as more ex- 
perimental work is cast in such terms, a 
serious start can be made in placing com- 
parative pharmacodynamics on a numerical 
basis. 
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Erratum 



Author's Correction: 

tku 

58, *** In the paper by Herbert Sheppard and Charles R. Burghardt entitled "The Effect of 
Alpha, Beta, and Dopamine Receptor-Blocking Agents on the Stimulation of Rat Ery thro- 
ws, cyte Adenyl Cyclase by Dihydroxyphencthylamines and Their #-Hydroxylated Deriva- 
iSS - tives" which appeared in the Journal, volume 7, pp. 1-7, 1971, the authors have requested 
k e the following correction: 

;ss * Page 6, right column, second paragraph, the first sentence should read: "The failure of 

j n other investigators to demonstrate activation of adenyl cyclase by dopamine is not under- 

stood, but may be related to the relatively small stimulation (1-2-fold) achieved with NE 
30 *; over basal levels of cyclic 3',5'AMP production. 
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